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(57)  Acameramoduleincludes alens unitwhich con-
stitutes an optical system of the camera module; a holder
which houses the lens unit and is displaceable along an
optical axis direction of the lens unit, and the coil having
a hollow cylindrical portion; a coil having a cylindrical form
and provided around the cylindrical portion of the holder;
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a magnetic field to the coil upper and lower leaf springs
for supporting the holder so thatthe holderis displaceable
along an optical axis direction of the lens unit; and an
imaging element provided below the lens unit. The holder
has coil holding portions to which the coil is fitted for fix-
edly providing the coil around the cylindrical portion of
the holder without using an adhesive.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention relates to a camera module, and
more specifically to a camera module that can be used
in small-sized electronic apparatuses such as digital
cameras, camera-equipped cellular phones and the like.

Description of the Related Art

[0002] A camera module having a function of displac-
ing a lens unit in a direction of an optical axis of the lens
unitis used in relatively small-sized digital cameras, cam-
era-equipped cellular phones and the like. This function
is used for providing an autofocus function and/or zoom
function and the like, and is achieved by an interaction
between a magnetic field generated by an electrical cur-
rent flowing in a coil and a magnetic field generated by
a yoke and magnets provided on the yoke.

[0003] Such acamera module includes a barrel which
holds the lens unit, a holder which houses the barrel
therein, and a pair of leaf springs for supporting the holder
so that the holder is displaceable in a direction of an op-
tical axis of the lens unit.

[0004] FIG. 6 is an exploded perspective view of an
autofocus actuator assembly 100 used in a conventional
camera module for displacing a lens unit (not shown) in
a direction of an optical axis thereof. It is to be noted that
animaging element (not shown) is provided below a base
111 of the actuator assembly 100.

[0005] A holder 108 that houses a barrel (not shown)
holding the lens unit is provided in a space between a
cover 101 and the base 111 so that the holder 108 is
displaceable in a direction of an optical axis of the lens
unit together with the lens unit.

[0006] A ring-shaped inner annular portion 104b of an
upper leaf spring 104 and a ring-shaped inner annular
portion 110b of a lower leaf spring 110 are attached to
the upper and lower cylindrical end portions of the holder
108, respectively, using an adhesive. The upper cylindri-
cal end of the holder 108 is positioned on the side of a
cover 101 and the lower cylindrical end of the holder 108
is positioned on the side of a base 111. Further, an outer
annular portion 104a of the upper leaf spring 104 is at-
tached to atop surface of a yoke 105 and an outer annular
portion 110a of the lower leaf spring 110 is provided on
a lower end of the yoke 105, respectively. Furthermore,
on the upper surface of the inner annular portion 104b
of the upper spring 104 which is attached to the upper
cylindrical end portion of the holder 108, a stopper de-
noted by the reference numeral 102 is attached using an
adhesive.

[0007] Three bridge portions 104c are coupled be-
tween the outer annular portion 104a and the inner an-
nular portion 104b of the upper leaf spring 104. As is the
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same with the upper leaf spring 104, three bridge portions
110c are coupled between the outer annular portion 110a
andthe innerannular portion 110b of the upper leaf spring
110. By resilient deformation of the respective three
bridge portions 104c and 110c, the holder 108 can be
displaced in a direction of an optical axis of the lens unit.
[0008] A plurality of magnets 106 are provided on the
yoke 105 so as to produce a magnetic field. The yoke
105 has an axial bore 105a for receiving the holder 108.
Further, a coil 107 is provided around an outer periphery
of the holder 108 so that the coil 7 is disposed in the
magneticfield produced by the magnets 106 and the yoke
105 in a state that the holder 108 is received in the axial
bore 105a. By supplying a current to the coil 107 to gen-
erate a magnetic field, the holder 108 can be displaced
in a direction of an optical axis of the lens unit by a driving
force generated by the interaction of the magnetic fields.
In this regard, it is to be noted that a component donated
by the reference numeral 109 in FIG. 6 is a ring-shaped
plate provided between the lower leaf spring 110 and the
lower end of the yoke 105. Further, a flexible printed cir-
cuit board 103 for supplying an electrical current to the
coil 107 is provided below the outer annular portion 110a
of the lower leaf spring 110.

[0009] As shownin FIGS. 6 and 7, the holder 108 has
three coil support portions 108a at three locations of an
outer periphery thereof. The coil 107 is attached to a
bonding part 108b of each of the coil support portions
108a with an adhesive such as an epoxy resin.

[0010] Itis to be noted that an actuator assembly sim-
ilar to the actuator assembly 100 described above is dis-
closed in JP-A-N0.2004-280031.

[0011] As described above, in order to provide the coil
107 around the holder 108, it is necessary to attach the
coil 107 to the coil support portions 108a provided on the
outer periphery of the holder 108 with the epoxy resin.
For this purpose, it is necessary to apply the epoxy resin
to each of the bonding parts 108b of the coil support
portions 108a. Such a bonding work of the coil 7 requires
a time for applying the epoxy resin as well as a time for
curing the applied epoxy resin, which results in a problem
in that it is not possible to shorten a time required for
manufacturing the camera module.

[0012] Further, a bonding area of each of the bonding
parts 108b of the coil support portions 108a is extremely
small. Therefore, there is another problem in that when
the small-sized electronic apparatuses equipped with the
camera module is dropped by an accident, the coil 107
is removed or peeled off from the bonding parts 108b
due to the dropping impact.

SUMMARY OF THE INVENTION

[0013] The present invention has been made in view
of the problems described above, and therefore it is an
object of the present invention to provide a camera mod-
ule in which a coil can be provided around a holder easily
in a state that the coil is firmly attached to the holder.
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[0014] In order to achieve the object, the present in-
vention is directed to a camera module, which comprises:
a lens unit which constitutes an optical system of the
camera module; a holder which houses the lens unit and
is displaceable along an optical axis direction of the lens
unit, and the holder having a hollow cylindrical portion; a
coil having a cylindrical form and provided around the
cylindrical portion of the holder; a yoke and magnets pro-
vided on the yoke for providing a magnetic field to the
coil; upper and lower leaf springs for supporting the hold-
er so that the holder is displaceable along an optical axis
direction of the lens unit; and an imaging element pro-
vided below the lens unit. The holder has coil holding
portions to which the coil is fitted for fixedly providing the
coil around the cylindrical portion of the holder.

[0015] According to the camera module of the present
invention having the above structure, the coil can be pro-
vided around the cylindrical portion of the holder without
using an adhesive. Therefore, it is not necessary to carry
out a bonding work for attaching the coil to the holder
which was carried out in manufacturing the conventional
camera module. As a result, since a time required for
applying an adhesive and a time required for curing the
adhesive become unnecessary, it is possible to shorten
a total manufacturing time of a camera module. Further,
since the coil is attached to the holder without using any
adhesive, it is possible to avoid a problem that the coil is
removed from the holder even in the event that when the
small-sized electronic apparatuses equipped with the
camera module is dropped by an accident and a large
shock is added to the camera module.

[0016] In the camera module of the present invention,
it is preferred that each of the coil holding portions ex-
tends in a direction along which the holder can be dis-
placed, and has a hook portion which is engaged with an
upper end of the coil, a post portion which supports an
inner circumferential portion of the coil and a support
base portion which support a lower end of the coil.
[0017] According to this first modification of the camera
module of the present invention having the above struc-
ture, in each of the coil holding portions, the hook portion
which is engageable with the upper end of the coll, the
support base portion for supporting the lower end of coil
and the post portion extending between the hook portion
and the support base portion form a concave portion for
receiving the coil, and the coil is fixedly fitted to the con-
cave portion.

[0018] Inthe camera module of the present invention,
it is also preferred that the coil is formed by winding a
wire so as to have a first cylindrical portion where the
thickness of the coil in cross section is reduced due to a
number of winding of the wire being small and a second
cylindrical portion where the thickness of the coil in cross
section is increased due to a number of winding of the
wire being larger than that of the first portion so that a
step is formed between the first cylindrical portion and
the second cylindrical portion on the inner circumferential
surface side of the coil, wherein each of the coil holding
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portions has a hook part which is engaged with the step
of the coil, and the hook part of the coil holding portion
is located in a space created between the inner circum-
ferential surface of the first cylindrical portion of the coil
and the outer peripheral surface of the cylindrical portion
of the holder.

[0019] According to the second modification of the
camera module of the presentinvention having the above
structure, the hook portions do not protrude above the
upper end of the coil. This means that it is possible to
lower the height of the holder as compared with the first
modification, which makes it possible to provide a camera
module having a more reduced thickness.

[0020] The above and other objects, features and ad-
vantages of the present invention will be apparent from
the following description when taken in conjunction with
the accompanying drawings which illustrate preferred
embodiments of the presentinvention by way of example.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

FIG. 1is an exploded perspective view of an actuator
assembly 1 of acameramodule of afirstembodiment
according to the present invention.

FIG. 2 is a perspective view which shows a coil 7
and a holder 8 of the actuator assembly 1 of the
camera module shown in FIG. 1.

FIG. 3 is a vertical cross sectional view of a part of
the coil 7 and the holder 8 shown in FIG. 2.

FIG. 4 is a perspective view which shows a coil 7
and a holder 8 of an actuator assembly 1 of a camera
module of a second embodiment according to the
present invention.

FIG. 5 is a vertical cross sectional view of a part of
the coil 7 and the holder 8 shown in FIG. 4.

FIG. 6 is an exploded perspective view of an actuator
assembly 100 of a conventional camera module.
FIG. 7 is a vertical cross sectional view of a part of
a coil 107 and a holder 108 of the camera module
shown in FIG. 6.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0022] A camera module according to embodiments
of the present invention will be described below with ref-
erence to the accompanying drawing.

[0023] The camera module according to a first embod-
iment comprises: a lens unit (not shown) which consti-
tutes an optical system of the camera module; a holder
8 which houses the lens unit and is displaceable along
an optical axis direction of the lens unit and has a hollow
cylindrical shape having upper and lower cylindrical end
portions; a coil 7 wound so as to have a cylindrical shape
and provided around the holder 8; a yoke 5 and magnets
6 provided on the yoke 5 for providing a magnetic field
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to the coil 7; upper and lower leaf springs 4, 10 for sup-
porting the holder 8 so that the holder 8 is displaceable
along an optical axis direction of the lens unit; and an
imaging element (not shown) provided below the lens
unit, wherein the camera module is characterized in that
the holder 8 has coil holding portions to which the coil is
fitted so that the coil is fixedly provided around a cylin-
drical portion of the holder 8.

[0024] Hereinbelow, with reference to FIG. 1, a de-
scription is made with regard to an actuator assembly 1
of the camera module of the first embodiment according
to the present invention. In this regard, it is to be noted
that an imaging element (not shown in the drawing) is
disposed below a base 12.

[0025] In a space defined between a cover 2 and the
base 12, the holder 8 which houses a barrel (not shown)
holding the lens unit is provided so as to be displaceable
in an optical axis direction of the lens unit.

[0026] The holder 8 is a cylindrical member made of a
synthetic resin and the coil 7 is provided around a cylin-
drical portion of the holder 8. An inner annular portion 4b
of the upper leaf spring 4 is attached the upper cylindrical
end portion of the holder 8 and an inner annular portion
10b of the lower leaf spring 10 is attached to the lower
cylindrical end portion of the holder 8, respectively. Fur-
ther, an outer annular portion 4a of the upper leaf spring
4 is attached to a top surface of the yoke 5 provided on
the base 12 and an outer annular portion 10a of the lower
leaf spring 10 is attached to a lower end portion of the
yoke 5 through an annular plate 19 (which will be de-
scribed below in more detail) . Furthermore, on the upper
surface of the inner annular portion 4b of the upper spring
4 which is attached to the upper cylindrical end portion
ofthe holder 8, a stopper 3 is attached using an adhesive.
This stopper 3 is provided for restricting upwardly exces-
sive displacement of the holder 8 by the abutment with
the bottom surface of the cover 2 when the holder 8 is
largely displaced.

[0027] Each of the upper and lower leaf springs 4, 10
is formed from a thin metal plate made of beryllium copper
through a punching process, and has the outer annular
portion 4a, 10a and the inner annular portion 4b, 10b
which is concentrically provided inside the outer annular
portion 4a, 10a through an annular spacing. The inner
annular portion 4b, 10b is displaceably supported by the
outer annular portion 4a, 10a through the three bridge
portions 4c, 10c. Each of the bridge portions 4c, 10c has
an elongated arc-shape which extends along the inner
periphery of the outer annular portion 4a, 10a and the
outer periphery of the inner annular portion 4b, 10b
through a predetermined angle. By resilient deformation
of the respective three bridge portions 4c and 10c, the
holder 8 can be displaced in a direction of an optical axis
of the lens unit.

[0028] The plurality of magnets 6 are bonded to the
inner surface of the yoke 5 so as to produce a magnetic
field. Further, the coil 7 is provided around an outer pe-
riphery of the holder 8 so that the coil 7 is disposed in
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the magnetic field generated by the magnets 6 and the
yoke 5. The yoke 5 has an axial bore 5a for receiving the
holder 8. The holder 8 can be displaced through the axial
bore 5a in a direction of an optical axis of the lens unit
by supplying an electrical current to the coil 7. Further,
the annular plate 9 made of a magnetic metal material is
provided between the lower leaf spring 10 and the bottom
surface of the yoke 5 for reducing leakage of magnetic
fluxes from the magnets 6. In this regard, it is to be noted
that a component denoted by the reference numeral 11
is a flexible printed circuit board used for supplying a
current to the coil 7.

[0029] As shown in FIG. 2, on the outer periphery of
the cylindrical portion of the holder 8, there are provided
three coil holding portions 8a at a predetermined same
spacing. As shown in FIG. 3, each of the coil holding
portions 8a extends in a direction along which the holder
8 can be displaced, and has a hook portion 8b which is
engageable with an upper end 72 of the coil 7, a post
portion 8c for supporting an inner circumferential portion
71 of the coil 7 and a support base portion 8d for sup-
porting a lower end 73 of the coil 7, which are arranged
in this order in a top-bottom direction. These coil holding
portions 8a are integrally formed with the cylindrical por-
tion of the holder 8, and has flexibility in a certain degree.
[0030] As shown in FIGS. 2 and 3, in each of the coil
holding portions 8a, the hook portion 8b which is engage-
able with the upper end 72 of the coil 7, the support base
portion 8d for supporting the lower end 73 of coil 7 and
the post portion 8c extending between the hook portion
8b and the support base portion 8d form a concave por-
tion for receiving the coil 7, and the coil 7 is fixedly fitted
to the concave portion. In this way, the coil 7 is fitted into
and held by the coil holding portions 8a, and as a result,
the coil 7 is fixedly held by the coil holding portions 8a
without using any adhesive such as a synthetic resin. In
this state, the upper end 72 of the coil 7 is held by the
hook portions 8b of the coil holding portions 8a, the inner
circumferential portion 71 of the coil 7 is supported on
the post portions 8c of the coil holding portions 8a, and
the lower end 73 of the coil 7 is held by the support base
portions 8d of the coil holding portions 8a, respectively.
In this structure, the distance between the hook 8b and
the support base portion 8d each of the coil holding por-
tions 8a is set so as to be substantially the same as the
distance between the upper end 72 and the lower end
73 of the coil 7, and a diameter of a circle defined by the
outer wall parts of the post portions 8c of the coil holding
portions 8b is the substantially the same as the inner
diameter of the inner circumferential part 71 of the coil
7. With this result, the coil 7 is fixedly held by the coil
holding portions 8a not only in the horizontal direction
but also in the vertical direction.

[0031] As stated in the above, the coil holding portions
8a have flexibility. Therefore, by pushing down the coil 7
from above the holder 8 so that the coil 7 is fitted onto
the coil holding portions 8a, the inclined surface 8e of the
hook portion 8b of each of the coil holding portions 8a is
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pushed, by the lower end 73 of the coil 7 so that the post
portion 8c of each coil holding portion 8a is deformed
toward the outer periphery of the cylindrical portion of the
holder 8. When the lower end 73 of the coil 7 reaches at
and abuts with the support base portion 8d of each of the
coil holding portions 8a, the deformed post portion 8c of
each the of the coil holding portions 8a is restored into
its original state so that the hook portion 8b is engaged
with the upper end 72 of the coil 7. As a result, the coil 7
is fixedly held by the coil holding portions 8a.

[0032] According tothe embodiment described above,
the coil 7 can be provided around the cylindrical portion
of the holder 8 without using an adhesive. Therefore, it
is not necessary to carry out a bonding work for attaching
the coil 7 to the holder which was carried out in manu-
facturing the conventional camera module. As a result,
since a time required for applying an adhesive and a time
required for curing the adhesive become unnecessary,
it is possible to shorten a total manufacturing time of a
camera module. Further, since the coil 7 is attached to
the holder without using any adhesive, it is possible to
avoid a problem in that the coil is removed or peeled off
from the holder 8 even in the event that when the small-
sized electronic apparatuses equipped with the camera
module is dropped by an accident and a large shock is
added to the camera module.

[0033] Next, with reference to FIGS. 4 and 5, a de-
scription will be made with regard to a second embodi-
ment of the present invention. In this regard, it is to be
noted that this second embodiment has the same struc-
ture as that of the first embodiment except that the shape
of the coil 7 and the structure of each coil holding portion
8aare different from those of the firstembodiment. There-
fore, in the following description, the same reference nu-
merals are assigned to the same components or parts
of these embodiments.

[0034] In this second embodiment, a coil 7 is formed
by winding a wire so as to have a first cylindrical portion
7a where the thickness of the coil 7 in cross section is
reduced due to a number of winding of the wire being
small and a second cylindrical portion 7b where the thick-
ness of the coil in cross section is increased due to a
number of winding of the wire being larger than the first
cylindrical portion so that a step 7c is formed between
the first cylindrical portion 7a and the second cylindrical
portion 7b on the inner circumferential surface side or
the coil 7. Further, each of the coil holding portions 8a
has a hook portion 8b which is engageable with the step
7c of the coil 7, and the hook portion 8b of each coil
holding portion 8a is located in a space created between
the inner circumferential surface of the first cylindrical
portion 7a of the coil 7 and the outer peripheral surface
of the cylindrical portion of the holder 8.

[0035] The coil 7 of this embodiment is formed by wind-
ing a wire of self-melting type around a gig having a cir-
cumferential wall formed into a step, and thereafter heat-
ing the wire and then cooling the wire to harden it. In this
embodiment, the total length of the hook portion 8b and
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a post portion 8c of each of the coil holding portions 8a
is shorter than the corresponding portions of each of the
coil holding portions 8a of the first embodiment. Further,
the total length of the hook portion 8b and the post portion
8c of each of the coil holding portions 8a is shorter than
the distance between the upper end and the lower end
of the coil 7. Therefore, when the coil 7 is fitted to the coil
holding portions 8a, the hook portions 8b are located in
a space created between the inner circumferential sur-
face of the first portion 7a of the coil 7 and the outer
circumferential surface of the cylindrical portion of the
holder 8, and thus the hook portions 8b do not protrude
above the upper end 72 of the coil 7.

[0036] According to this second embodiment, as is the
same with the firstembodiment, the coil 7 can be provided
around the cylindrical portion of the holder 8 without using
an adhesive. Therefore, it is not necessary to carry out
a bonding work for attaching the coil 7 to the holder which
was carried out in manufacturing the conventional cam-
eramodule. As aresult, since a time required for applying
an adhesive and a time required for curing the adhesive
become unnecessary, it is possible to shorten a total
manufacturing time of a camera module. Further, since
the coil 7 is attached to the holder without using any ad-
hesive, it is possible to avoid a problem in that the coil 7
is removed or peeled off from the holder 8 even in the
event that when the small-sized electronic apparatuses
equipped with the camera module is dropped by an ac-
cident and a large shock is added to the camera module.
[0037] In addition, since the hook portions 8b do not
protrude above the upperend 72 of the coil 7 as described
above. This means that it is possible to lower the height
of the holder 8 as compared with the first embodiment,
which makes it possible to provide a camera module hav-
ing a more reduced thickness.

[0038] Although in the first and second embodiments
described above, the coil holding portions 8a are formed
at three locations of the outer periphery of the cylindrical
portion of the holder 8, four or more coil holding portions
8a may be formed. Further, since the shapes of the por-
tions of the coil holding portions 8a and the shape of the
step 7c of the coil described above are mere one exam-
ple, they may be changed into other forms or shapes.
[0039] Finally, it is also to be understood that the
present disclosure relates to subject matter contained in
Japanese Patent Application No. 2006-294302 (filed on
October 30, 2006) which is expressly incorporated herein
by reference in its entirety.

Claims

1. A camera module, comprising:
a lens unit which constitutes an optical system
of the camera module;

a holder which houses the lens unit and is dis-
placeable along an optical axis direction of the
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lens unit, and the holder having a hollow cylin-
drical portion;

a coil having a cylindrical form and provided
around the cylindrical portion of the holder;

a yoke and magnets provided on the yoke for
providing a magnetic field to the coil;

upper and lower leaf springs for supporting the
holder so that the holder is displaceable along
an optical axis direction of the lens unit; and
an imaging element provided below the lens
unit,

wherein the holder has coil holding portions to which
the coil is fitted for fixedly providing the coil around
the cylindrical portion of the holder.

The camera module as claimed in claim 1, wherein
each ofthe coil holding portions extends in a direction
along which the holder can be displaced, and has a
hook portion which is engaged with an upper end of
the coil, a post portion which supports an inner cir-
cumferential portion of the coil and a support base
portion which support a lower end of the coil.

The camera module as claimed in claim 1, wherein
the coil is formed by winding a wire so as to have a
first cylindrical portion where the thickness of the coil
in cross section is reduced due to a number of wind-
ing of the wire being small and a second cylindrical
portion where the thickness of the coil in cross sec-
tion is increased due to a number of winding of the
wire being larger than that of the first portion so that
a step is formed between the first cylindrical portion
and the second cylindrical portion on the inner cir-
cumferential surface side of the coil, wherein each
of the coil holding portions has a hook part which is
engaged with the step of the coil, and the hook part
of the coil holding portion is located in a space cre-
ated between the inner circumferential surface of the
first cylindrical portion of the coil and the outer pe-
ripheral surface of the cylindrical portion of the hold-
er.
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